We aim to review the historical evolution that has led to the study of the brain (body)-mind relationship based on brain oscillations, to outline and illustrate the principles of neuro-oscillatory dynamics using research findings. The paper addresses the relevant developments in behavioral sciences after Wundt established the science of psychology, and developments in the neurosciences after alpha and gamma oscillations were discovered by Berger and Adrian, respectively. Basic neuroscientific studies have led to a number of principles: (1) spontaneous EEG is composed of a set of oscillatory components, (2) the brain responds with oscillatory activity, (3) poststimulus oscillatory activity is a function of prestimulus activity, (4) the brain response results from a superposition of oscillatory components, (5) there are multiplicities with regard to oscillations and functions, and (6) oscillations are spatially integrated. Findings of clinical studies suggest that oscillatory responses can serve as biomarkers for neuropsychiatric disorders. However, the field of psychology is still making limited use of neuro-oscillatory dynamics for a bio-behavioral understanding of cognitive-affective processes. 
Introduction
The present paper provides a brief and selective perspective on the historical evolution that has led to the study of the brain (body)-mind relationship based on brain oscillations. The paper is an overview of the current principles of oscillatory dynamics. As such, it illustrates these principles using research findings, demonstrates the applicability of the principles to neuropsychiatric disorders, and discusses the attitude of academic psychologists to the brainmind relationship and the study of the relationship via brain oscillations. Being a journal article, this paper accounts for only the most significant events and scientists in the three centuries over which the evolution towards the oscillatory perspective occurred. However, we point to review articles for the reader who is interested in further information on the subject matter.
The history of oscillatory brain dynamics may be traced back to two historical events, the first of which is prescientific, and the other scientific but precognitive. Mesmer is the key personage for the prescientific event: Any discussion on brain electricity should acknowledge the work of Mesmer (Pearson, 1790) , as he was the first person to discuss what he called "animal magnetism". Although ridiculed and even discredited in his time, this approach ingeniously underlined the fact that living creatures have an electric field by which they can influence others. In his classic work, Zweig (1932) describes Mesmer as one of the three "mental healers"
(the other two were Freud and Eddy) who emphasized the relationship between the body and the mental-emotional life in health and in illness. The second, scientific but precognitive, event was the discovery of the motor strip by Fritsch and Hitzig. Until the late part of the 19th century, dogma had dictated that the brain is inexcitable. Fritsch and Hitzig (1870) abolished this dogma and demonstrated that brain tissue is responsive to electrical stimulation.
Early developments in psychology
At nearly the same time as the advent of brain electricity as a mechanism of brain function, Wundt was emancipating psychology, the discipline that studied the "mind" component of the brain-mind dichotomy, from philosophy. Wundt founded the new science in 1879, the year he established an experimental psychology laboratory in Leipzig. The founder christened the new science as "physiological psychology", suggesting that this new science would study not only the mind but also deal with physiology (Wundt, 1874) . However, Wundt was using the term "physiology" to refer not to the body/brain correlate of the mind but to the methodology, namely experimental, that psychology would be using (Boring, 1950 ).
This founding was followed by the classical schools of psychology, the critical aspects of which are summarized in Table 1 (for a review, see Schultz, 2000) . The founder of the earliest school, structuralism, was again Wundt. For this school, psychology should analyze consciousness of normal humans into its constituent elements, to discover how these elements are mentally connected, and to determine the laws of their connections. This statement includes two very critical issues. Firstly, Wundt was not referring to the organismic correlates of mental functioning when he was using the term "physiology". Secondly, in the term "mental connections", we are confronted with the psychological forerunner of the much later concept Table 1 about here. ________________________ Structuralism sought to answer the "what?" of consciousness and thus sought to discover the contents of the mind. The second school of psychology, functionalism, sought to answer the "why" or "how" of the mind. Under the influence of functionalism, which was founded in 1896, psychologists began studying the mental activity of organisms (humans and infra-human species) in their struggle to adapt to environmental challenges. W. James, who was considered to be the founder of the functionalist school, published his groundbreaking book, Principles of Psychology, in 1890. In his book, the stream of consciousness and attention, among other subjects, were ingeniously discussed and laid out nearly as we know them today. Another stage of psychology was marked by the Gestalt school. Wertheimer founded the school in 1913.
Inspired by Heidel (1977) , the slogan of this school was formulated as "The whole is other than the sum of its parts." (cited in Dewey, 2007, p. 383; Koffka, 1935) . The Gestalt school was basically a reaction to the atomistic, analytic, and static approach of structuralism. The Gestalt approach assumed that the mind generates whole forms and global figures, and that human experience is an organized whole (for a treatise on the schools, see Boring, 1950; Schultz, 2000) .This statement is the psychological forerunner of the current theoretical concept of the whole brain work (for a review, see Karakaş and Başar, 2006b ) and the empirical data on the intricate selective connectivity pattern that support it (for a review, see Başar, Güntekin, Yener & Başar-Eroğlu, 2016).
Each classical school of psychology thus emphasized a different concept, but none of them was related to the body/brain component of the mind, or to the relationship between the two components. It was Hebb (1949) who theoretically explained the holistic functioning of the mind on the basis of electrical processes of the brain. His concept of reverberating networks (or the Hebbian networks) is the theoretical ancestor of the brain oscillations, and of the empiricial concept of connectivity. In modern times, the connectivity patterns are illustrated in the CLAIR Atlas as coherence functions between the oscillatory components of selected brain areas.
According to the foregoing developments; when brain electricity was only a possibility, scientific psychology had already been founded as an "experimental psychology", and between 1879 and 1930, it had passed through an era involving several schools of psychology.
Throughout these schools, the importance of the structure (structuralism), function (functionalism), and holistic processing in the mind (Gestalt) was emphasized. Behaviorism then arrived, and the study of the mind was discontinued. Under the insistence of the behavioristic school to use only the observables (namely, the stimulus and response), the field turned into a stimulus-response psychology. Everything in between -collectively speaking, "the mind" -was deemed insignificant for understanding behavior. Thus, although it was originally founded as a physiological psychology, psychological thought vacillated between behavior on the one hand and the constructs of consciousness and mind/cognition on the other. With the "radical" behavioristic school, psychology lost even this longstanding construct, the mind. Only with the cognitive revolution, around the 1950s, could cognition and mind find their way back into the realm of psychology once again.
In those days of turmoil, the physiology of the body (specifically the brain) was ignored by the psychologists; accordingly, the important developments in the brain's electrophysiology were not taken into consideration. Admittedly, this obliviousness was not only on the part of the pychologists. Neuroscientists did not consider the developments in psychology, either. As a result, the findings and hypothetical formulations that the experimentally oriented psychologists provided were not taken advantage of.
An essential step toward oscillatory dynamics: Berger and Adler
As psychology was coming to the end of schools era, biological sciences were on the pathway to the discovery of the electrical activity of the brain. Several scientists deserve the rank of being the founders of electroencephalography (EEG). Caton (1875; Haas, 2003) Nearly a decade later, Adrian (1942) found that odorous stimuli produced trains of sinusoidal oscillations in the mucosa of the hedgehog. The oscillations were within the gamma band.
Adrian's discovery of the gamma oscillation showed that there is more to the brain oscillations than just the alpha or the beta waves. In the meantime, the alpha oscillation was not faring too well. Neuroscience literature was dominated by such statements as, "Alpha oscillations represent smoke or idling of the brain." and even the statement, "Alpha is noise" (for a review see Başar, 1980) . As a result, most oscillation-related studies became focused on mainly the gamma band. Interest in brain oscillations peaked in the 1940s, and thereafter the excitement gradually waned and stabilized at a plateau between the 1950s and the 1980s (for reviews, see Başar, 2012 Başar, , 2013 ).
The emergence of a new paradigm in the brain sciences
Berger's alpha and beta activity were in the form of "spontaneous" oscillations. However, if the electrical activity is a type of brain "behavior," studies should be focused on not only the spontaneously occurring oscillations, but also on the oscillations that occur in response to environmental (external or internal) stimuli. Such an approach is indispensable, given that positivistic science seeks causality between the stimulus as the independent variable and the response as the dependent variable (Başar & Özesmi, 1972; Başar & Ungan, 1973; Freeman et al., 2000) . As Berger was the pioneer of studies on the spontaneous oscillations of the brain, Adrian was the pioneer of the studies on the brain oscillations that occur in response to stimuli.
The effect of stimuli was initially studied as "evoked potentials" (EPs) to sensory stimuli and Dawson (1951) was the first person to use the summation technique for obtaining the very low amplitude EP recordings against the large and irregular background activity. Time-domain brain response components to cognitive and task-related stimuli were discovered much later. The first "event-related potential" (ERP) component was P300 (Sutton et al., 1965) . The component aroused a great deal of interest, and it has been addressed in some 27,000 articles. A sizable amount of these papers was published in such prestigious journals as Science and Nature (Luck, 2014) . ERP studies then boomed. The other early ERP components were the surface-negative slow potential (Hillyard & Galambos, 1967 ); short-latency, mid-latency and long-latency components of the auditory evoked potential (AEP) (Picton & Hillyard, 1974) ; N100 (Hillyard, et al., 1973) ; and mismatch negativity (MMN) (Naatanen et al., 1978) . For a time, the pursuit of new EP/ERP components and the development of recording and analysis techniques became the focus of interest. Such interest in component discovery and technical development continued well into the 1980s. However, the EP/ERP researchers, many of whom were psychologists, were not aware of the gradual shift toward the brain oscillations.
Circa the 1980s, research on EP/ERPs was waning, and the course of the oscillations was following a steady plateau. The following decade, however, witnessed an upsurge in the research on oscillatory dynamics: Between 1980 and 1990, studies were conducted on the neuro-oscillatory dynamics of in vitro tissue of visceral organs (e.g., stomach, colon, vasculature) (Başar, 1976; Başar & Weiss, 1981) and in vivo brain tissue (Eckhorn et al., 1988; Gray & Singer, 1989; Jahnsen & Llinas, 1984) . Direct recordings were made from the nervous systems of invertebrates (e.g., aplysia/snail/gastropod) and low vertebrates (goldfish, ray).
Deep recordings were made on higher vertebrates (e.g., cat, rat, monkey) (for reviews, see Başar, 1980 to generalizations; the experimentally tested generalizations have led to principles that describe the way the universe operates; principles have eventually led to theories, which explain why the universe operates as it does (Başar 1976 (Başar , 1980 (Başar , 1998 (Başar , 1999 The third type of EEG response that the relevant literature discusses is the induced oscillations (IOs; for a review see Başar & Bullock, 1992) . IOS are initiated by stimuli but are not tightly coupled to them (Adrian, 1942; Freeman, 1975; Freeman & Skarda, 1985) . Thus they may largely vary in phase and time (Herrmann et al., 2004) . Typical experimental tasks that produce induced oscillations involve stimulus omission (%). In this task, every fourth acoustic stimulus within a series of regularly occurring acoustic stimuli is omitted. The human participant is asked to predict the time of occurrence of the omitted stimulus; make a motor response at the time point when the stimulus should have occurred; and try to mentally imagine the stimulus at the very time point. In the omission task, conditions are not conducive to EOs (response elicitation) or to EROs (response emission). A physical stimulus does not exist, and the experience of a stimulus is totally subjective. In the absence of an objective stimulus, time-locking of the oscillatory components to the time point at which the stimulus should have occurred is naturally low and variable (for a detailed review of the IOs, see Başar & Bullock, 1992) . Early research suggested that different peaks on the EP waveform are not differentially associated with different structures or different functions; accordingly, the lack of a given EP peak does not demonstrate that a specific structure has ceased responding or that a specific function has ceased to exist (Başar & Ungan, 1973) . Later research, which covered a spectrum of species and used diverse experimental tasks, found that the temporally occurring waveform signal can be decomposed into oscillatory components (for reviews, Başar, 1980 Başar, , 1998 Başar, , 1999 and the original time-domain waveform can be reconstructed from the oscillatory components, Under appropriate experimental designs, the P300 appears in a bimodal form. The earlier P3a is hypothesized to be an attention-driven response to novelty. Being an orientation response, P3a may be an inborn phyletic response. The later P3b peak is hypothesized to be an index of stimulus evaluation and working memory (Polich, 2007 ). An analysis of the P300 complex with the S-transform in the time and frequency domains revealed that the theta oscillation contributes to the smaller P3a component, and the larger delta oscillation contributes to the With all the variations under almost all aspects of cognitive processing, alpha is considered to be an important signal in the neural basis of cognition. Accordingly, alpha has been described as a universal code, a universal operator, a building block of dynamic processes and quasiinvariants in brain-body-mind integration (for reviews, see Başar 2012; Başar & Güntekin,
2012; Başar et al., 1997).
Multiple functions of the gamma oscillation. According to a large number of publications, gamma is considered to be an important oscillation in brain signaling (for a review, see Başar, 2013) . Intensive research has associated gamma oscillations with perceptual processes.
According to Singer & Gray (1995) , perception is represented by the gamma band response; the authors hypothesized that gamma band activity binds stimulus features into coherent percepts.
Supporting this statement, long-distance in-phase synchrony is observed in the gamma band during pattern recognition (Rodriguez et al., 1999) . However, long-distance functional connectivity increases occur in the gamma band during not only perception but also attention, memory, and learning (Desimone, 1996) . Significantly, there are many different gamma band synchronizations, and each one serves different functions (Fries, 2009 ). Furthermore, perception is more than a mere binding of stimulus features; top-down influences pertaining to prior experiences, motivations, emotions, attitudes, values, and, in short, everything about the mind, affects how a specific pattern of features will be perceived (Freeman, 1991; Goldstein, 2014 ). According to the dynamicist view (Engel et The delta response amplitude is higher for photographs of loved ones than for photographs of unfamiliar faces or unfamiliar but appreciated faces . In contrast, it is higher for angry or happy faces in comparison to neutral ones (Knyazev et al., 2009) . Of the two components of affective processing, the slower delta and theta oscillations represent arousal, whereas the faster beta and gamma oscillations represent valence (quality) ).
Principle 5b. Each cognitive function is represented by multiple oscillations.
The foregoing findings show instances in which a given oscillation performs multiple functions.
In the second type of multiplicity, a given function is represented by multiple oscillations. This An interim summary would be as follows: the brain and mind are the most complex systems in the universe. In the challenging task of understanding how the brain operates in cognitive processing, the pattern emerging from the superposition of multiple oscillations should be studied in at least the whole cortex. A major task of cognitive neuroscience should be to discover specific patterns of oscillatory activity that serve as "fingerprints" of cognitive functions. suggest that neuronal synchronization in the gamma band is directed to task-relevant networks, while task-irrelevant networks are blocked via the alpha activity. The theory of whole-brainwork (Başar, 1998 (Başar, , 1999 ) also deals with Principle 6. According to the theory, there are selectively coherent neural populations that are selectively distributed in the brain (Başar, 1980) . The distributed oscillations are highly integrated; they produce supersynergy in the brain, leading to a holistically functioning brain in cognitive processing.
Current Status and Prospects
A large amount of data has been generated on neuro-oscillatory dynamics since 1992, which is the date when Mountcastle (1998) In closing, the present paper examines two issues. One of the issues addresses the utility of neuro-oscillatory dynamics in understanding neuropsychiatric disorders, and in providing biomarkers for diagnosis and monitoring disease progression . The other is the present status of the science of psychology in the study of the mind-brain (body) relationship and oscillatory dynamics.
Neuro-oscillatory dynamics in neuropsychiatric disorders
Currently, the level that basic science has reached on neuro-oscillatory dynamics justifies its application to different areas; the foremost of which is neuropsychiatric disorders. Research on neuropsychiatric disorders uses two main approaches. (1) The basic science approach, in which the etiology of the disorder is investigated. A defined neuropsychiatric disorder is, in fact, a convenient counterpart of the experimental ablation technique in the biological systems analysis program (Başar, 1976; . (2) The applied science approach to the disorder, in which research is focused on diagnosis, disease progression, and rehabilitation. The following discussion applies the foregoing principles of neuro-oscillatory dynamics to a selected neuropsychiatric disorder, the Alzheimers disease (AD). The section is a demonstration of the applicability of the principles that have been derived from normal populations to a population with a neuropsychiatric disorder. The occipito-temporal spontaneous activity of AD patients displays increased power in the lowfrequency (delta and theta) bands (Vecchio et al., 2013) . Principle 3 predicts low delta and theta response amplitudes and weak phase-locking. The low phase-locking of the theta oscillation is in line with this principle (Figure 3) . However, the amplitude data are contrary to the prediction from Principle 3: the AD group displays increased amplitudes and hyperactivity in the theta range over the primary and secondary sensory areas and the motor areas (Ferreri et al., 2003) .
In this group, the evoked theta over the occipito-parietal area (the dorsal stream) is also increased Yener et al., 2007 Yener et al., , 2009 ). These findings suggest that both object perception and visuo-spatial perception are markedly different from that of healthy controls (Ungerleider & Haxby, 1994; Ungerleider & Mishkin, 1982) .
______________________
Insert Figure 3 about here.
In the delta frequency range, the AD group displays decreased coherences between the sensory/perceptual areas and the frontal areas. Although primary sensory processing and visuospatial processing may be functional in AD (Yener et al., , 2012 , the frontal integration of visuo-spatial perception (dorsal pathway) and object perception (ventral pathway) are evidently negatively affected (Başar, 2010; Güntekin et al., 2008) . The coherence decrease involving the frontal areas was not only specific to sensory/perceptual areas. Event-related coherences between the frontal area and all the other brain areas were also decreased; this effect was observed in all the lower frequency bands. Overall, the ordering of the oscillatory components on the time axis is disorganized (Principle 4), and the spatial integrity is degraded (Principle 6).
The violation of Principle 6 results in an impaired integrity between sensory-perceptual functions and frontal executive functions . These findings on the highfrequency spontaneous oscillations, response amplitudes, and coherence decrease in selected brain areas point to a set of biomarkers for AD.
Neuro-oscillatory dynamics also suggest criteria for the progression of the disease from the healthy state to mild cognitive impairment (MCI), and finally, to AD ). This progression is represented by (1) a decrease in the amplitude and an increase in the latency of the event-related delta oscillation and (2) by a decrease in the coherence values for EROs in the delta, theta and alpha frequency ranges. These findings were obtained from frontal and parietal locations.
According to , the neuro-oscillatory dynamics of the normally functioning human brain become "broken" in neuropsychiatric disorders. In AD, the brain no longer obeys the principles of oscillatory dynamics, and paradoxes or inconsistencies arise. Briefly, the list of natural frequencies become shorter; delta oscillations attenuate to insignificant levels (cf. to analyze consciousness into its components (structuralism); to investigate the goal-oriented, adaptive behavior (functionalism); to determine the antecedent conditions of behavior (radical behaviorism); to understand the dynamics of the unconscious and its influences on the cognitive-affective processes and behavior (psychoanalysis). Then came "liberal behaviorism", where the mission was to study the cognitive correlates of behavior. This school paved the way for the cognitive revolution (Miller, 1956; Neisser, 1967) . With the cognitive revolution, psychologists started studying the black box between the stimulus and response. However, psychological studies were still behavioral. Black box processes were not directly observed, but inferred from behavior using complex research designs, and advanced statistical techniques (Karakaş & Başar, 2006a, b) .
Although the science of psychology that Wundt founded was a "physiological psychology" (Wundt, 1874) , psychologists (even Wundt) ignored the body/brain component of the intact organism until the 1930s, and instead chose to study the mind from many different perspectives (i.e., soul, conscience, unconscious, behavior, cognition). It was during the second part of the 20 th century that psychologists started studying brain activity (Sutton et al., 1965) . Meanwhile, the investigation of the organismic correlates of cognitive-affective behavior should be resting heavily on the shoulders of psychologists. However, psychologists in the psychology departments are generally satisfied by studying behavior and inferred cognition. The tremendous focus on multidisciplinary cognitive science is presently shared by scientists coming from biological and technical branches, and psychological research is conducted at institutions that do not bear the term. Cognitive neuroscience is still awaiting the active contribution of those psychologists who work in psychology departments toward the advancement of knowledge on the organismic correlates of cognitive-affective processes, and for the application of the brain-based approach to psychological phenomena.
Limitations
The present paper provides a brief historical perspective on the historical evolution that has led In brief, the present paper cannot exhaust all the relevant issues on the topic of oscillatory dynamics. However, our treatise on the advent of brain oscillations in the biological and psychological disciplines may provide a foundation for future works that go deeper into the historical milestones and the recent developments in this field. 
